Introduction
Global climate change is thought to be induced by anthropogenic activities that add greenhouse gases (such as carbon dioxide and methane ) to the atmosphere in excess the "natural" steady state (IPCC 1994) . Actually the steady-state has changed with time as shown by measurement of C02 and CH4 in ice cores with ages as old as 100,000 years (Raynaud and others, 1993) . The cycles of these greenhouse gases have been studied extensively but their exact non-atmospheric reservoirs are still somewhat uncertain. This is in part because there are so many varied sources and sinks for these gases.
It is also because the carbon contents in soils and the biosphere that are their sources and sinks are averages of artificially designated groups rather than a continuium of the real world. Organic carbon stored (fixed) in soils that were covered/glaciated with ice has changed (increased) since the last ice age (Harden and others, 1993) . Computer/mathematical modelling and dynamics of C02 transfer (uptake and emission) between the atmosphere, oceans, and biosphere gives results that are out of balance by 1.8±1.4 G tons (1 Gt=lPg, G=109, P=>1015 ) (Sundquist 1993 ) which amounts to 1% of the total budget. Using C02 and Carbon-13 isotopic measurements (Keeling et al, 1995) in the models seems to indicate that this "missing" (unaccounted) carbon may be in the northern terrestrial reservoir; that is, stored in northern temperate latitudes in soils or biomass (forests) (Deming and others, 1995; Sarmiento, 1993) while others are not sure if it is an oceanic or terrestrial sink (Francey and others, 1995) . This Report gives the data for agricultural rice soils in the Mississippi River basin in order to see if they might be part of the sink for this "missing" carbon. Carbon in soils has changed because of the extensive agricultural activities and other anthropogenic activities such as destruction (filling and draining) of natural wetlands.
The effects of agriculture are usually to decrease the amount of carbon stored in soils due to exposure of organic matter to oxidation from plowing and also due to increased erosion. For the last century, the practices of modern agriculture have resulted in the loss of carbon stored in soils. Schlesinger (1995) summarizes this work and reports losses of 20 to 40% of the soil carbon when virgin lands are converted to agriculture. This loss is greatest during the first years of cultivation and slower after about 20 years and depends on how refractory the soil carbon is (Harrison and others, 1993) . Current rates of loss are estimated to be 0.8 Pg per year (mostly in the tropics) (Schlesinger 1995; Houghton, 1995, Eswaran and others, 1995) . However, because rice soils are flooded during part of the growth cycle, it was considered possible that this general loss of soil carbon might be reduced or might be different for these soils. This report concerns the extensive acreage where rice is grown in the Mississippi River Basin in Arkansas and Louisiana.
Location and acreage of rice soils.
Rice is grown on Gulf Coast Prairies and Southern Mississippi valley silty uplands in Louisiana (Fig. 1) . Rice is grown on alluvial terrace clay and silt soils in eastern Arkansas (Fig. 2) . These soils are not used exclusively for rice but are rotated between rice and soybeans, usually the cropping is 1 year rice 2 years soybeans. The total acreage for rice in Louisiana is 1.3 million acres. The total with soybeans is nearly double this giving the total acreage for these soils for Louisiana of 4.2 million acres. The total acreage for 1994 rice in Arkansas is 1.4 million acres with an additional acreage of 3.2 million in the same counties used for soybeans for a total of 4.6 million acres (or 4.6 x!09 m2). Thus, there are actually 9 million acres that are considered in this report. There are many specific soil types where rice is grown in Arkansas and Louisiana and their acreage by soil name and county (parish for Louisiana) are given on Tables 1 and 3 .
World rice production area is estimated to be on 1310 to 1450 x 109 m2 (Aselmann and Crutzen, 1989; Seiler and others, 1984) , with approximately 50 xlO9 in U.S., Japan, and Europe and 11 x 109 in the US (Matthews, Fung and Lerner, 1991) of which approximately 4 x 109 is Louisiana and Arkansas (this report). The rest of the U.S. production is in Texas and California.
Carbon content of soils.
The carbon contents have been tabulated by the U.S. Dept. of Agriculture, Natural Resources Conservation Service (formerly Soil Conservation Service). Generally the measurement is by 5 inch or 10 cm depth intervals or by soil horizon/type/layers. The organic carbon is measured by LECO combustion or wet oxidation at the NRCS or State University labs (organic matter data is divided by 1.7 to convert to organic C). Tables 1, 2 , 4,and 5 give the soil type, county /parish, parent material for Louisiana and organic C content for the top layer (usually 0-5 inches or 0-10 cm) for Louisiana and Arkansas and for the next deeper layer (usually 5-10 in.) for Arkansas. Tables 1-5 show the data sorted by soil type and by county (parish). Table 6 gives data for additional counties in Arkansas.
In general there are organic carbon data from most counties (parishes) and most soil types that have important contributions to the rice acreage. Although there is some variation between counties in Arkansas, only 2 counties are appreciably higher than the mean value. Likewise in Louisiana the variation between parishes is not greatly different from the mean value. What is noticeable is that the average organic carbon content is somewhat higher in Arkansas compared to Louisiana (by approx 0.2%). Likewise, the Arkansas forested soil is proportionally higher than the Louisiana forested soil (only 1 value). We do not have an explanation for these differences. Fortunately the difference between forested and agricultural soil is rather similar both in actual carbon % and as a ratio. Tables 2 and 4 also give the data for forest soils that are similar to the original soil before cultivation and for one soil that is currently not being cropped. Tables 2 and 4 summarize the organic carbon contents for the soils. For Arkansas the organic carbon content of the surface soil layer used for rice cultivation (generally 0 to 5 inches but ranging from 3 inches to 9 inches) is 0.77 to 1.75%, with an average of 1.06% (Tables 4 and 5 ). Additional data on table 6 increase the average by 0.07% to 1.13% for the surface soil layer (and by 0.12 to 0.62 for the next deeper layer). For Louisiana, the organic carbon content of the surface soil layer used for rice cultivation (generally 0 to 5 inches but ranging from 3 inches to 9 inches) is 0.41 to 2.01%, with an average of 0.81%. The forested soils of Arkansas have an average of 1.92% and one forested soil in Louisiana has 1.42% organic carbon (Tables 1 and 4) .
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Thus the forested soils have 1.8 (Arkansas) and 1.75 (Louisiana) times as much organic carbon as the agricultural soils for the top soil layer. Another way to report this is that the rice soils store only approximately 0.56 or 56% of the original organic carbon (stored when there was a forest on the land before it was cleared for agricultural purposes).
The difference (forest and agriculture) for these soils in Arkansas (1.92-1.06) is 0.84% organic carbon; for Louisiana, the difference (1.42-0.81) is 0.61 % organic carbon for the topsoil layer.
Loss of stored carbon can be calculated by these differences. We use 0.7 % C loss because it is near the average of the losses for Arkansas and Louisiana and because the acres of soils in the two states are nearly equal. We calculate that for 0.7% C lost from 1m x 1m to a depth of 15 cm (the top layer) is 1.05 kg C (for convenience we use a density of 1, although 1.2 or 1.3 may be a better value). This is equal to 4.2 tons per acre (1050 ton per km2 ). For the 9 million acres of rice soils in Louisiana and Arkansas this is 38 million tons of carbon lost. If this loss was over the last 38 years it would be an average of 1 million tons of carbon lost per year.
This calculation of soil carbon can be performed on the next (deeper) soil layer (5 or 6 to 10 or 12 inches). Table 5 also gives this data and the agricultural soil has an average of 0.68% which is higher than the forested soil that has 0.37%. Thus the difference is 0.3% carbon that is stored, thus the overall carbon change in these agricultural soils (to 10 to 12 inches) is a net loss of 0.7-0.3 or 0.4%. Therefore the above calculation of net loss from these soils (to 30 cm) is more like 4.9 tons per acre.
Discussion: Rice soil carbon loss in a global context To put this in a world carbon context is necessary to see if this is a significant source or sink for carbon (or carbon dioxide).
The missing unaccounted C amounts to about 1.4±0.8 Gt (1 GT is 109 tons) per year (Sunquist, 1993) . Over approximately the last 50 years, the loss of carbon from the Louisiana and Arkansas rice soils (to a depth of 0.3 meter) is approximately 44x 106 tons or 1 million tons per year. This is approximately 1 x 103 (or 1 thousand) times less carbon than the missing C and is, in any case, a net addition of C02 to the atmosphere (rather than uptake). For a further comparison the amount of excess C02 added to the atmosphere since 1750 is 170 GT (Sundquist,1993) or 0.7 Gt per year (average rate). Therefore the contribution of Louisiana and Arkansas rice soils could account for only a small fraction (.001) of this addition (and only over the last 50 years)
Conclusions
It appears that the agricultural soils used for rice (and soybeans) in the Mississippi River Basin (Arkansas and Louisiana ) are not the reservoir for the "missing" carbon. In fact, the conversion of these soils (some originally forested) to rice/soybean agriculture has resulted in a (small) net source of C02 to the atmosphere over the last 50 years. 
